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Specification 
Radio Communication Device 



<Technical Field> 

The present invention relates to a radio communication device 
used in a mobile communication system that performs a mobile 
communication using a portable telephone or the like and more 
particularly to a technique for controlling the transmitted electric 
power of a transmitting system by a transmitted electric power 
control bit received from the other station. 

<Background Art> 

In the mobile communication system, a transmitted electric 
power control technique has been usually known that transmitted 
electric power is controlled in accordance with a distance between a 
base station and a mobile station when information is transmitted to 
make the electric power of a signal received by the base station 
constant, suppress an interference between communication channels 
and improve a frequency using efficiency. 

Especially, in a mobile communication system of a CDMA (Code 
Division Multiple Access) system using a spectrum diffusion 
technique for multiplexing a plurality of communication channels, the 
same frequency and the same time are shared between users. 
Accordingly, when the transmitted electric power from the mobile 
station is the same irrespective of a distance from the base station or 
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a transmitting environment, a problem related to near or remote 
places undesirably arises that a signal from a near place is strong 
and a signal from a remote mobile station cannot be separated. 

Therefore, to properly demodulate respective signal waves by 
an inverse diffusion in the base station, the receiving levels of the 
signal waves respectively need to be made uniform and a high 
electric power control is necessary in the mobile station. Specially, 
in the CDMA system, a wide dynamic range or a high linearity is 
required. Particularly, in the CDMA system of a broad band 
(W-CDMA or the like), the accuracy of transmitted electric power is 
highly required upon large electric power. 

A usual radio communication device includes, as shown in Fig. 
7, an antenna 1 for transmitting and receiving a radio signal and a 
transmit and receive separator 2 for separating a transmitting signal 
from a receiving signal. A receiving system comprises a radio 
receiving part 3 having a high frequency amplifying circuit for 
high-frequency amplifying the receiving signal and outputting an IF 
signal with a frequency converted to an IF (intermediate frequency) 
band, a local oscillating circuit and an IF signal amplifying circuit or 
the like, a demodulator 4 for converting the receiving signal to a base 
band signal and a base band signal processing part 5 for carrying out 
a signal process and a decoding process of the received base band 
signal. 

Further, a transmitting system comprises the base band signal 
processing part 5 for carrying out a signal process and an encoding 
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process of a transmitted base band signal, a modulator 13 for 
modulating the transmitting signal and outputting the IF signal and a 
radio transmitting part 14 for amplifying the electric power of the 
transmitting signal and converting a frequency to an RF (radio 
frequency) band. Further, the radio transmitting part 14 has a 
variable gain amplifier 15. 

Further, in the radio communication device, a transmitted 
electric power control system includes the base band signal 
processing part 5, a transmitted electric power setting part 6 for 
receiving a transmitted electric power control bit outputted from the 
base band signal processing part 5 to set a transmitted electric 
power and an electric power value/gain control signal converting part 
8 for converting a transmitted electric power setting value from the 
transmitted electric power setting part 6 to a gain control signal. 

Further, a radio communication device having a transmitted 
electric power correcting function includes, as a transmitted electric 
power adjusting system, a transmitted electric power detecting part 9 
for detecting transmitted electric power radiated from the antenna 1 
to output a detecting signal, an error calculating part 10 for 
comparing the detecting signal with a gain control signal to calculate 
an error between the detecting signal and the gain control signal and 
output an error signal and an adding part 12 for adding the error 
signal to the gain control signal. 

In the above-described usual structure, the transmitted electric 
power control bit is extracted on the basis of the base band signal 
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obtained by demodulating the receiving signal to obtain the 
transmitted electric power setting value on the basis of the 
transmitted electric power control bit and convert the transmitted 
electric power setting value to the gain control signal A. On the 
other hand, the output value of the transmitted electric power 
radiated from the antenna 1 is detected. An error between the 
transmitted electric power instructed by the transmitted electric 
power control bit and actually transmitted electric power is detected 
as an error signal from the detecting signal corresponding to the 
transmitted electric power output value and the gain control signal A. 
This error signal is added to the gain control signal A to generate a 
gain control signal B. A transmitted electric power gain is controlled 
by the gain control signal B so that the error signal becomes zero in 
a closed loop. Thus, the accuracy of the transmitted electric power 
is improved. That is, the transmitted electric power setting value is 
compared with the transmitted electric power output value and the 
calculated error signal is added to the control signal so the feedback 
control of the transmitted electric power is carried out. 

However, the detecting characteristics of a detecting diode of 
the transmitted electric power detecting part 9 show that the change 
of detecting voltage is small within a range in which the transmitted 
electric power is low as shown in Fig. 8. Accordingly, the 
transmitted electric power detecting part that meets a wide dynamic 
range necessary for the CDMA system is hardly realized. 
Accordingly, a control for operating a transmitted electric power 
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control may be considered only upon large electric power that needs 
a high accuracy of the transmitted electric power. In the 
above-described usual technique, during the closed loop control that 
the transmitted electric power is relatively variably controlled, when a 
variable control exceeding the operating threshold value of a 
transmitted electric power control is carried out, the error signal 
(error voltage) outputted from the error calculating part abruptly 
changes. Therefore, an error is undesirably generated in a relative 
value and an accuracy of the transmitted electric power control is 
undesirably deteriorated. 

The present invention is proposed to solve the above-described 
usual problems and it is an object of the present invention to provide 
a radio communication device that can suppress an abrupt gain 
change and smoothly and highly accurately control transmitted 
electric power even if the transmitted electric power crosses the 
threshold value to change when a closed loop control is performed to 
cross the threshold value as the detection limit of the transmitted 
electric power. 

<Disclosure of the lnvention> 

To achieve the above-described object, a radio communication 
device according to the present invention in which transmitted 
electric power is set in accordance with a transmitted electric power 
control bit sent to a self-station from the other station and the gain of 
a variable gain amplifier of a transmitting system is controlled so as 
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to obtain the set transmitted electric power is characterized in that 
the radio communication device comprises: a transmitted electric 
power detecting part for detecting the transmitted electric power of 
the self-station; an error calculating part for obtaining an error 
between the detected transmitted electric power of the self-station 
and the set transmitted electric power; and a buffer unit for 
preventing the obtained error from greatly changing upon the 
change of the transmitted electric power over a threshold value when 
the transmitted electric power is controlled to cross the threshold 
value as the detection limit of the transmitted electric power of the 
transmitted electric power detecting part. 

According to the present invention, the transmitted electric 
power of the self-station is detected to obtain the error between the 
detected transmitted electric power of the self-station and the 
transmitted electric power set in accordance with the transmitted 
electric power control bit sent to the self-station from the other 
station. The buffer unit prevents the obtained error from greatly 
changing upon the change of the transmitted electric power over the 
threshold value when the transmitted electric power is controlled to 
cross the threshold value as the detection limit of the transmitted 
electric power. Thus, an error generated when the gain of the 
variable gain amplifier is controlled suppressed. Here, in a first 
embodiment, the buffer unit corresponds to a transmitted electric 
power deciding part 7 and an error integrating part 11. In second to 
fourth embodiments, the buffer unit corresponds to a transmitted 
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electric power deciding part 7, a switch part 17, an error deciding 
part 18 and an integrating part 19. 

A radio communication device according to the present 
invention in which transmitted electric power is set in accordance 
with a transmitted electric power control bit sent to a self-station from 
the other station and the gain of a variable gain amplifier of a 
transmitting system is controlled so as to obtain the set transmitted 
electric power, characterized in that the radio communication device 
comprises: an electric power value/gain control signal converting part 
for converting the set transmitted electric power to a gain control 
signal of a form for controlling the gain of the variable gain amplifier; 
a transmitted electric power detecting part for detecting the 
transmitted electric power of the self-station; an error calculating part 
for comparing the detected transmitted electric power with the gain 
control signal to calculate an error between them; a transmitted 
electric power deciding part for deciding a large or a small value 
relative to the threshold value of the set transmitted electric power; 
an error integrating part that can switch whether or not the calculated 
error is integrated in accordance with the decided result of the large 
or the small value relative to the threshold vglue of the transmitted 
electric power; and an adding part for adding the integrated result to 
the gain control signal and controlling the gain of the variable gain 
amplifier by an obtained adding signal. 

According to the present invention, the set transmitted electric 
power is converted to the gain control signal of the form for 
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controlling the gain of the variable gain amplifier in accordance with 
the transmitted electric power control bit sent to the self-station from 
the other station. The transmitted electric power of the self-station 
is detected and the detected transmitted electric power is compared 
with the gain control signal to calculate the error (error signal) 
between them. The large value or the small value relative to the 
threshold value of the set transmitted electric power is decided. In 
accordance with the decided result, whether or not the error signal is 
integrated is switched. In other words, when the set transmitted 
electric power is larger than the threshold value, the error signal is 
integrated. The integrated result is added to the gain control signal. 
The gain of the variable gain amplifier is controlled by the obtained 
adding signal to control the transmitted electric power in a closed 
loop. 

A radio communication device according to the present 
invention in which transmitted electric power is set in accordance 
with a transmitted electric power control bit sent to a self-station from 
the other station and the gain of a variable gain amplifier of a 
transmitting system is controlled so as to obtain the set transmitted 
electric power, characterized in that the radio communication device 
comprises: a transmitted electric power detecting part for detecting 
the transmitted electric power of the self-station; an error calculating 
part for comparing the value of the detected transmitted electric 
power with the set transmitted electric power to calculate an error; a 
transmitted electric power deciding part for deciding a large or a 
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small value relative to the threshold value of the set transmitted 
electric power; a switch part for selecting and outputting any one of 
the calculated error and a below-described gain control correction 
value in accordance with the decided result of the large or the small 
value relative to the threshold value of the set transmitted electric 
power; an error deciding part for deciding whether or not an input 
signal from the switch part is located within a tolerance to output a 
correction value corresponding to the decided result; an integrating 
part for integrating the outputted correction value and outputting an 
integrated result as the gain control correction value; an adding part 
for adding the set transmitted electric power to the gain control 
correction value; and an electric power value/gain control signal 
converting part for converting the added result to a gain control 
signal of a form for controlling the gain of the variable gain amplifier 
and outputting the gain control signal to the variable gain amplifier. 

According to the present invention, the transmitted electric 
power of the self-station is detected. The value of the detected 
transmitted electric power is compared with the transmitted electric 
power set in accordance with the transmitted electric power control 
bit sent to the self-station from the other station to calculate the error. 
The large value or the small value relative to the threshold value of 
the set transmitted electric power is decided. Any one of the 
calculated error and the gain control correction value is selected in 
accordance with the decided result of the large or the small value 
relative to the threshold value of the transmitted electric power. It is 
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decided whether or not the selected signal is located within the 
tolerance to output the correction value corresponding to the decided 
result. The outputted correction value is integrated to obtain the 
gain control correction value. The gain control correction value is 
added to the set transmitted electric power. The added result is 
converted to the gain control signal of the form for controlling the 
gain of the variable gain amplifier and the gain control signal is 
outputted to the variable gain amplifier to control the transmitted 
electric power. That is, when the set transmitted electric power is 
larger than the threshold value, the calculated error signal is 
integrated. The integrated result is added to the set transmitted 
electric power. The gain of the variable gain amplifier is controlled 
by the obtained adding signal to control the transmitted electric 
power in a closed loop. 

A radio communication device according to the present 
invention in which transmitted electric power is set in accordance 
with a transmitted electric power control bit sent to a self-station from 
the other station and the gain of a variable gain amplifier of a 
transmitting system is controlled so as to obtain the set transmitted 
electric power, characterized in that the radio communication device 
comprises: a transmitted electric power detecting part for detecting 
the transmitted electric power of the self-station; an error calculating 
part for comparing the value of the detected transmitted electric 
power with the set transmitted electric power to calculate an error; a 
transmitted electric power deciding part for deciding a large or a 
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small value' relative to the threshold value of the set transmitted 
electric power; a switch part for selecting and outputting any one of 
the calculated error and a below-described gain control correction 
value in accordance with the decided result of the large or the small 
value relative to the threshold value of the set transmitted electric 
power; an error deciding part for deciding whether or not an input 
signal from the switch part is located within a tolerance to output a 
correction value corresponding to the decided result; an integrating 
part for integrating the outputted correction value to output the gain 
control correction value; a first electric power value/gain control 
signal converting part for converting the gain control correction value 
to a gain control correction signal of a form for controlling the gain of 
the variable gain amplifier; a second electric power value/gain 
control signal converting part for converting the set transmitted 
electric power to a gain control signal of a form for controlling the 
gain of the variable gain amplifier; and an adding part for adding the 
gain control signal to the gain control correction signal and 
controlling the gain of the variable gain amplifier by an obtained 
adding signal. 

According to the present invention, the transmitted electric 
power of the self-station is detected. The value of the detected 
transmitted electric power is compared with the transmitted electric 
power set in accordance with the transmitted electric power control 
bit sent to the self-station from the other station to calculate the error. 
The large value or the small value relative to the threshold value of 
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the set transmitted electric power is decided. Any one of the 
calculated error and the gain control correction value is selected in 
accordance with the decided result of the large or the small value 
relative to the threshold value of the transmitted electric power. It is 
decided whether or not the selected signal is located within the 
tolerance to output the correction value corresponding to the decided 
result. The outputted correction value is integrated to obtain the 
gain control correction value. The gain control correction value is 
converted to the gain control correction signal of the form for 
controlling the gain of the variable gain amplifier. The set 
transmitted electric power is converted to the gain control signal of 
the form for controlling the gain of the variable gain amplifier. The 
gain control signal is added to the gain control correction signal to 
control the gain of the variable gain amplifier and control the 
transmitted electric power by the obtained adding signal. That is, 
when the set transmitted electric power is larger than the threshold 
value, the calculated error signal is integrated. The integrated 
result is added to the set transmitted electric power. The gain of 
the variable gain amplifier is controlled by the obtained adding signal 
to control the transmitted electric power in a closed loop. 

A radio communication device according to the present 
invention in which transmitted electric power is set in accordance 
with a transmitted electric power control bit sent to a self-station from 
the other station and the gain of a variable gain amplifier of a 
transmitting system is controlled so as to obtain the set transmitted 
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electric power, characterized in that the radio communication device 
comprises; a transmitted electric power detecting part for detecting 
the transmitted electric power of the self-station; an error calculating 
part for comparing the value of the detected transmitted electric 
power with the set transmitted electric power to calculate an error; a 
transmitted electric power deciding part for deciding a large or a 
small value relative to the threshold value of the set transmitted 
electric power; a switch part for selecting and outputting any one of 
the calculated error and a below-described gain control correction 
value in accordance with the decided result of the large or the small 
value relative to the threshold value of the set transmitted electric 
power; an error deciding part for deciding whether or not an input 
signal from the switch part is located within a tolerance and 
outputting a correction value corresponding to the decided result; 
an integrating part for integrating the outputted correction value to 
output the gain control correction value; an adding part for adding 
the set transmitted electric power to the gain control correction 
value; first and second electric power value/gain control signal 
converting parts for converting the added result to a gain control 
signal for controlling the gain of the variable gain amplifier; and a 
set value deciding part after correction for deciding by which of the 
first and second electric power value/gain control signal converting 
parts the added result is converted to the gain control signal in 
accordance with the large or the small value relative to the threshold 
value for deciding the level of the set transmitted electric power. 
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According to the present invention, the transmitted electric 
power of the self-station is detected. The value of the detected 
transmitted electric power is compared with the transmitted electric 
power set in accordance with the transmitted electric power control 
bit sent to the self-station from the other station to calculate the error. 
The large value or the small value relative to the threshold value of 
the set transmitted electric power is decided. Any one of the 
calculated error and the gain control correction value is selected in 
accordance with the decided result of the large or the small value 
relative to the threshold value of the transmitted electric power. It is 
decided whether or not the selected signal is located within the 
tolerance to output the correction value corresponding to the decided 
result. The outputted correction value is integrated to obtain the 
gain control correction value. The gain control correction value is 
added to the set transmitted electric power. The added result is 
converted to the gain control signal of the form for controlling the 
gain of the variable gain amplifier by either of the first and second 
electric power value/gain control signal converting parts in 
accordance with the large or the small value relative to the threshold 
value for deciding the level of the set transmitted electric power. 
The gain control signal is outputted to the variable gain amplifier to 
control the transmitted electric power. That is, when the set 
transmitted electric power is larger than the threshold value, the 
calculated error signal is integrated. The integrated result is added 
to the set transmitted electric power. The gain of the variable gain 
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amplifier is controlled by the obtained adding signal to control the 
transmitted electric power in a closed loop. 

A radio communication device according to the present 
invention is characterized in that the on/off control of the transmitted 
electric power detecting part or the error calculating part is carried 
out in accordance with the decided result of the large value or the 
small value relative to the threshold value of the transmitted electric 
power of the transmitted electric power deciding part. 

According to the present invention, for instance, the transmitted 
electric power is not controlled in the closed loop, the transmitted 
electric power detecting part or the error calculating part is turned 
off. 

<Brief Description of the Drawings> 

Fig. 1 is a block diagram showing a structural example of a 
radio communication device according to a first embodiment of the 
present invention. 

Fig. 2 is a timing chart showing a control operation of the 
transmitted electric power of the radio communication device shown 
in Fig. 1 . 

Fig. 3 is a block diagram showing a structural example of a 
radio communication device according to a second embodiment of 
the present invention. 

Fig. 4 is a timing chart showing a control operation of the 
transmitted electric power of the radio communication device shown 
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in Fig. 3. 

Fig. 5 is a block diagram showing a structural example of a 
radio communication device according to a third embodiment of the 
present invention. 

Fig. 6 is a block diagram showing a structural example of a 
radio communication device according to a fourth embodiment of the 
present invention. 

Fig. 7 is a block diagram showing a structural example of a 
usual radio communication device. 

Fig. 8 is a characteristic view showing the detecting 
characteristics of a usual transmitted electric power detecting part. 

Reference numeral 1 in the drawings designates an antenna, 2 
designates a transmit/receive separator, 3 designates a radio 
receiving part, 4 designates a demodulator, 5 designates a base 
band signal processing part, 6 designates a transmitted electric 
power setting part, 7 designates a transmitted electric power 
deciding part, 8, 8a, 8b, 8c and 8d designate electric power 
value/gain control signal converting parts, 9 designates a transmitted 
electric power detecting part, 10 designates an error calculating part, 
11 designates an error integrating part, 12 designates an adding part, 
13 designates a modulator, 14 designates a radio transmitting part, 
15 designates a variable gain amplifier, 16 designates a detecting 
signal/electric power value converting part, 17 designates a switch 
part , 18 designates an error deciding part, 19 designates an 
integrating part and 32 designates a set value deciding part after 
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correction. 

<Best Mode for Carrying Out the lnvention> 

Now, embodiments of the present invention will be described in 
detail by referring to the drawings. Fig. 1 is a block diagram 
showing a structural example of a radio communication device 
according to a first embodiment of the present invention. The radio 
communication device includes an antenna 1 for transmitting and 
receiving a radio signal and a transmit/receive separator 2 for 
separating a transmitting signal from a receiving signal. Further, the 
radio communication device includes, as a receiving system, a radio 
receiving part 3 having a high frequency amplifying circuit for 
high-frequency amplifying the receiving signal and outputting an IF 
signal with frequency converted to an IF (intermediate frequency) 
band, a local oscillating circuit and an IF signal amplifying circuit or 
the like, a demodulator 4 for converting the receiving signal to a base 
band signal and a base band signal processing part 5 for performing 
a signal process and a decoding process of the received base band 
signal. 

Further, as a transmitting system, the radio communication 
device includes the base band signal processing part (used 
commonly for the receiving system) 5 for performing a signal process 
and an encoding process of a transmitted base band signal, a 
modulator 13 for modulating the transmitting signal to output the IF 
signal and a radio transmitting part 14 for amplifying the electric 
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power of the transmitting signal and converting a frequency to an RF 
(radio frequency) band. Further, the radio transmitting part 14 
includes a variable gain amplifier 15. 

Further, the radio communication device of this embodiment 
includes, as a transmitted electric power control system, the base 
band signal processing part 5, a transmitted electric power setting 
part 6 for receiving a transmitted electric power control bit outputted 
from the base band signal processing part 5 to set transmitted 
electric power and an electric power value/gain control signal 
converting part 8 for converting an electric power setting value 25 
from the transmitted electric power setting part 6 to a gain control 
signal A 23. 

The radio communication device of this embodiment has a 
transmitted electric power correcting function and includes, as a 
transmitted electric power adjusting system, a transmitted electric 
power detecting part 9 for detecting the transmitted electric power 
radiated from the antenna 1 to output a detecting signal 20 
corresponding thereto, an error calculating part 10 for comparing the 
detecting signal 20 with the gain control signal A23 to calculate an 
error between them and output an obtained error signal 21, a 
transmitted electric power deciding part 7 for deciding a relation of a 
large or a small value relative to the threshold value of the 
transmitted electric power setting value 25 to output an operation 
control signal 22 corresponding to the decided result, an error 
integrating part 11 for taking the error signal 21 as an input signal, 
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switching whether the input signal is not inputted (opened) or 
inputted (short-circuited) by the operation control signal 22 and 
integrating the input signal to generate a gain control correction 
signal 31 when the input signal is inputted or outputting a stored 
integrating signal as the gain control correction signal 31 and an 
adding part 12 for adding the gain control correction signal 31 to the 
gain control signal A23. 

Now, an operation of the radio communication device of this 
embodiment will be described below. A signal transmitted from a 
base station (not shown) is received by the antenna 1. The 
receiving signal is inputted to the radio receiving part 3 via the 
transmit/receive separator 2. The receiving signal inputted to the 
radio receiving part 3 whose frequency is converted to the IF band is 
converted to the base band signal by the demodulating part 4. Then, 
the base band signal is inputted to the base band signal processing 
part 5. 

The base band signal processing part 5 extracts the transmitted 
electric power control bit based on the base band signal. The 
transmitted electric power setting part 6 receives the transmitted 
electric power control bit from the base band processing part 5 to 
output the transmitted electric power setting value 25 to the 
transmitted electric power deciding part 7 and the electric power 
value/gain control signal converting part 8. The transmitted electric 
power setting value 25 is converted to the gain control signal A23 in 
the electric power value/gain control signal converting part 8. 
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Further, the transmitting signal is modulated by the modulator 13 to 
have the IF signal. The transmitting signal whose frequency is 
converted to the RF band and amplified by the radio transmitting part 
14 is transmitted from the antenna 1 via the transmit/receive 
separator 2. 

At this time, the transmitted electric power is detected by the 
transmitted electric power detecting power part 9 and inputted to the 
error calculating part 10 as the detecting signal 20. In the error 
calculating part 10, an error from the set transmitted electric power of 
the transmitted electric power is calculated from the inputted 
detecting signal 20 and the gain control voltage A23 to output the 
error signal 21. At this time, the transmitted electric power deciding 
part 7 decides a large or a small value relative to the threshold value 
of the transmitted electric power setting value 25 to output the 
operation control signal 22 based on the decided result to the error 
integrating part 11 . 

The error integrating part 11 inputs (short-circuit) the input 
signal to the error integrating part 11 in accordance with the 
operation control signal 22 when the transmitted electric power 
setting value 25 is not lower than the threshold value as shown in Fig. 
2(a) to integrate the error (turn ON an APC control (a transmitted 
electric power control by a closed loop)). When the transmitted 
electric power setting value is not higher than the threshold value, 
the input signal is not inputted (opened) to the error integrating part 
11 (turn OFF an APC control)and a stored integrating value is 
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outputted to the adding part 12 as the gain control correction signal 
31 that gradually changes to become zero. Fig. 2(c) shows the error 
signal 21 outputted from the error calculating part 10 at this time. 
Fig. 2(d) shows the gain correction control signal 31 outputted from 
the error integrating part 11 at this time. The gain correction control 
signal 31 gradually changes and does not abruptly change. 
Therefore, the gain control signal A23 outputted from the electric 
power value/gain control signal converting part 8 and a gain control 
signal B24 outputted from the adding part 12 have a relation shown 
in Fig. 2(b). 

In the adding part 12, the gain control correction signal 31 is 
added to the gain control signal A23 to output the gain control signal 
B24 to the gain control terminal of the variable gain amplifier 15 of 
the radio transmitting part 14. Thus, the gain of the variable gain 
amplifier 15 is controlled so that the error signal 21 becomes zero by 
the gain control signal B24. Finally, the feedback control of the 
transmitted electric power is carried out so that the transmitted 
electric power outputted from the radio transmitting part 14 reaches a 
value set by the transmitted electric power setting value. 

According to this embodiment, the transmitted electric power 
deciding part 7 and the error integrating part 11 are provided. Thus, 
in the feedback control of the transmitted electric power, even when 
a closed loop control that crosses the threshold value of the 
transmitted electric power determined by the detection limit of the 
detecting signal is carried out, the accumulation of the error or the 
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discharge of the error in the error integrating part 11 is controlled by 
the operation control signal 22 in accordance with the decision of the 
threshold value in the transmitted electric power deciding part 6. 
Thus, not only when the transmitted electric power abruptly rises to a 
high value from a low value, but also when the transmitted electric 
power abruptly falls from the high value to the low value while the 
error is sufficiently accumulated, a sudden gain change is not 
generated in the gain control signal B24 as shown in Fig. 2(b). 
Accordingly, the transmitted electric power can be smoothly and 
highly accurately controlled in the closed loop. 

Fig. 3 is a block diagram showing a structural example of a 
radio communication device according to a second embodiment of 
the present invention. The same parts as those of the first 
embodiment are designated by the same reference numerals and an 
explanation thereof is suitably omitted. While the radio 
communication device of the first embodiment mainly supposes an 
analog feedback control of transmitted electric power, the radio 
communication device of this embodiment supposes a digital 
feedback control of transmitted electric power. The difference of the 
second embodiment from the first embodiment only resides in a 
feedback control related to the output of a gain control signal to a 
variable gain amplifier 15. Other structures and an operation are 
the same as those of the first embodiment. 

A transmitted electric power adjusting system of this 
embodiment includes a transmitted electric power detecting part 9 for 
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detecting transmitted electric power radiated from an antenna 1 to 
output a detecting signal 20, a detecting signal/electric power value 
converting part 16 for converting the detecting signal 20 to a 
transmitted electric power detecting value 26 and outputting the 
transmitted electric power detecting value, an error calculating part 
10 for comparing the transmitted electric power detecting value 26 
with a transmitted electric power setting value 25 to calculate an 
error between them and output a calculated error value 27 to a 
switch part 17, the switch part 17 for taking the error value 27 and a 
gain control correction value 29 as input signals and switching which 
of these input signals is outputted to an error deciding part 18 by an 
operation control signal 22, the error deciding part 18 for deciding 
whether the input signal from the switch part 17 is located within a 
range of an allowable error or outside a range of an allowable error 
to output an error value 28, a transmitted electric power deciding part 
7 for deciding a large or a small value relative to the threshold value 
of the transmitted electric power setting value 25 to output the 
operation control signal 22 to the switch part 17 on the basis of the 
decided result, an integrating part 19 for integrating the inputted 
correction value 28 to generate a gain control correction value 29 
and output the gain control correction value 29 to an adding part 12 
and the switch part 17, the adding part 12 for adding the transmitted 
electric power setting value 25 to the gain control correction value 29 
to obtain a transmitted electric power setting value 30 after 
correction and output the value to an electric power value/gain 
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control signal converting part 8 and the electric power value/gain 
control signal converting part 8 for converting the inputted 
transmitted electric power setting value 30 after correction to a gain 
control signal B24. 

Now, an operation of the radio communication device of this 
embodiment will be described below. The transmitted electric power 
is detected by the transmitted electric power detecting part 9 to 
output the detecting signal 20. The detecting signal 20 is converted 
to the transmitted electric power detecting value 26 and the 
transmitted electric power detecting value is inputted to the error 
detecting part 10. The error detecting part 10 calculates the error 
between the transmitted electric power detecting value 26 and the 
transmitted electric power setting value 25 and outputs the error 
value 27 to the switch part 17. 

The switch part 17 takes the error value 27 and the gain control 
correction value 29 as the input signals. The switch part 17 receives 
the operation control signal 22 from the transmitted electric power 
deciding part 7. When the transmitted electric power setting value 
25 is not lower than the threshold value, the switch part outputs the 
error value 27 to the error deciding part 18. When the transmitted 
electric power setting value 25 is not higher than the threshold value, 
the switch part outputs the gain control correction value 29 to the 
error deciding part 18. The error deciding part 18 decides an input 
value form the switch part 17. When the input value is located 
outside the range of the allowable error, the error deciding part 18 
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outputs the correction value 28 of an opposite polarity to the input 
value. When the input value is located within the range of the 
allowable error, the error deciding part 18 outputs 0. The adding 
part 12 adds the gain control correction value 28 outputted from the 
integrating part 19 to the transmitted electric power setting value 25 
to output the transmitted electric power setting value 30 after 
correction to the electric power value/gain control signal converting 
part 8. The electric power value/gain control signal converting part 
8 converts the transmitted electric power setting value 30 after 
correction to the gain control signal B24. Thus, the variable gain 
amplifier 15 is controlled to perform the feedback control of the 
transmitted electric power so as to have the error value of zero. 

The above-described operation will be specifically described 
with reference to Fig. 4 by way of an example that the transmitted 
electric power is lower than the transmitted electric power setting 
value 25. As shown in Fig. 4(a), when the transmitted electric 
power setting value 25 is not lower than the threshold value, the 
error value 27 is inputted to the error deciding part 18, so that the 
error deciding part 18 outputs the correction value 24 of an opposite 
polarity (positive) to the error value 27 to the integrating part 19 as 
shown in Fig. 4(c). The correction value 24 is integrated by the 
integrating, part 19 and the gain control correction value 29 is 
increased as shown in Fig. 4(d). Thus, the transmitted electric 
power setting value 30 after correction is increased as shown by 
oblique lines in Fig. 4(e) to increase the transmitted electric power 
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and the error value 27 is decreased as shown in Fig. 4(b). When 
the error value 27 is decreased to be located within the range of the 
allowable error, the correction value 24 becomes 0 as shown in Fig. 
4(c). Thus, the integration of the integrating part 19 is stopped and 
the gain control correction value 29 is held in the integrating part 19. 

Then, as shown in Fig. 4(a), when the transmitted electric 
power setting value 25 is decreased to reach a value not higher than 
the threshold value (turn OFF an APC control), the switch part 17 is 
switched and the gain control correction value 29 is inputted to the 
error deciding part 18 as shown in Fig. 4(b). In this case, the error 
deciding part 18 outputs the correction value 24 of an opposite 
polarity (negative) to the gain control correction value 29 as shown in 
Fig. 4(c), so that the gain control correction value 29 outputted from 
the integrating part 19 decreases as shown in Fig. 4(d). Then, when 
the gain control correction value 29 is located within the range of the 
allowable error, the correction value becomes 0 as shown in Fig. 4(c) 
and the gain control correction value 29 is held in the integrating part 
19 as shown in Fig. 4(d). 

According to this embodiment, the transmitted electric power 
deciding part 7, the switch part 17, the error deciding part 18, the 
integrating part 19, the transmitted electric power deciding part 7 and 
an error integrating part 11 are provided. Thus, in the feedback 
control of the transmitted electric power, even when a closed loop 
control that crosses the threshold value of the transmitted electric 
power determined by the detection limit of the detecting signal 20 is 
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carried out, a sudden gain change is not generated in the gain 
control signal B24 as shown in Fig. 4(e) like the first embodiment. 
Accordingly, the transmitted electric power can be smoothly and 
highly accurately controlled in the closed loop and the same effect 
can be obtained. 

Fig. 5 is a block diagram showing a structural example of a 
radio communication device according a third embodiment of the 
present invention. The same parts as those of the second 
embodiment are designated by the same reference numerals and an 
explanation thereof is suitably omitted. The radio communication 
device of this embodiment supposes a digital feedback control of 
transmitted electric power like the second embodiment. 
In the second embodiment, the gain control correction value 29 is 
added to the transmitted electric power setting value 25, and then, 
the transmitted electric power setting value after correction is 
converted to the gain control signal B24 by the electric power 
value/gain control signal converting part 8. On the other hand, in 
this embodiment, electric power value/gain control signal converting 
parts 8a and 8b for respectively converting a gain control correction 
value 29 and a transmitted electric power setting value 25 are 
provided to output a gain control signal B24 by adding the converted 
signals. Other structures and an operation are the same as those of 
the second embodiment. 

While the gain control correction value 29 is added to the 
transmitted power setting value 25 and then the transmitted electric 
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power setting value after correction is converted to the gain control 
signal B24 by the electric power value/gain control signal converting 
part 8 in the second embodiment, in the radio communication device 
of this embodiment, the electric power value/gain control signal 
converting parts 8a and 8b are respectively provided for converting 
the gain control correction value 29 and the transmitted electric 
power setting value 25. Thus, a converted gain control correction 
signal is added to a gain control signal A23 to output a gain control 
signal B24. Other structure and an operation are the same as those 
of the second embodiment. 

To provide an output range necessary for controlling the 
variable gain amplifier 15 and a resolution necessary for adjusting an 
error in one electric power value/gain control signal converting part 8 
as in the second embodiment, a very large circuit structure is 
required. However, according to this embodiment, the electric 
power value/gain control signal converting parts 8a and 8b are 
provided respectively in the gain control correction value 29 and the 
transmitted electric power setting value 25. Thus, suitable output 
ranges and resolutions are provided in the electric power value/gain 
control signal converting parts 8a and 8b for respectively converting 
the gain control correction value 29 and the transmitted electric 
power setting value 25. Accordingly, the circuit structure can be 
reduced. Other effects are the same as those of the second 
embodiment. 

Fig. 6 is a block diagram showing a structural example of a 
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radio communication device according a fourth embodiment of the 
present invention. The same parts as those of the second 
embodiment are designated by the same reference numerals and an 
explanation thereof is suitably omitted. 

The radio communication device of this embodiment supposes 
a digital feedback control of transmitted electric power like the 
second embodiment. In the second embodiment, the transmitted 
electric power setting value 30 after correction is converted to the 
gain control signal B24 by one electric power value/gain control 
signal converting part 8. On the other hand, in the radio 
communication device of this embodiment, a corrected setting value 
deciding part 32 is provided. Further, the output destination of a 
transmitted electric power setting value 30 after correction is 
switched to either of an electric power value/gain control signal 
converting part 8c having a narrow output range and a high 
resolution and an electric power value/gain control signal converting 
part 8d having a wide output range and a low resolution in 
accordance with set electric power by the corrected setting value 
deciding part 32. That is, when the set electric power is low, the 
electric power value/gain control signal converting part 8d having the 
wide output range and the low resolution is used. When the set 
electric power is high, the electric power value/gain control signal 
converting part 8c having the narrow output range and the high 
resolution is used. Other structures and an operation are the same 
as those of the second embodiment. 
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To provide an output range necessary for controlling the 
variable gain amplifier 15 and a resolution necessary for adjusting an 
error in one electric power value/gain control signal converting part 8 
as in the second embodiment, a very large circuit structure is 
required. However, according to this embodiment, the transmitted 
electric power setting value 30 after correction is converted to the 
gain control signal B24 by either of the electric power value/gain 
control signal converting parts 8c and 8d in accordance with the level 
of the set electric power by the corrected setting value deciding part 
32. Accordingly, the circuit structure can be reduced. Other effects 
are the same as those of the second embodiment. 

In the above explanation, an example that the electric power 
value/gain control signal converting part 8 includes two electric 
power value/gain control signal converting parts is shown. However, 
the electric power value/gain control signal converting part 8 
composed of three or more electric power value/gain control signal 
converting parts may be likewise put into practice with the same 
effects. 

Further, the present invention is not limited to the 
above-described embodiments and may be put into practice by other 
various kinds of forms in view of specific structure, function, 
operation and effect without departing the gist of the invention. For 
instance, when transmitted electric power is not controlled in a 
closed loop by an operation control signal of a transmitted electric 
power deciding part 7, the operations of a transmitted electric power 
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detecting part 9, an error calculating part 10 (or a detecting 
signal/electric power value converting part 16) are turned off so that 
consumed electric power can be reduced. Further, the output 
timing of the operation control signal of the transmitted electric 
power deciding part 7 is changed to operate an error integrating part 
11 after the operations of other blocks are stabilized. The output 
update cycle of the decided result of the transmitted electric power 
deciding part 7 is switched to select a function meeting the system of 
the TDMA (Time Division Multiple Access) system as well as the 
CDMA system. A threshold value is switched in the transmitted 
electric power deciding part 7, so that a range for controlling the 
transmitted electric power can be changed. The electric power 
value/gain control converting parts 8, 8a and 8b are provided with 
ramping output functions to meet the systems such as the TDMA 
system. The validity and invalidity of the ramping output functions 
of the electric power value/gain control converting parts 8, 8a and 8b 
can be selected to select a function meeting the system of the TDMA 
system as well as the CDMA system. The output value of a 
correction value of an error deciding part 18 is changed to switch an 
amount of correction per slot. The tolerance of the error deciding 
part 18 is switched to change a control range of transmitted electric 
power. The output update cycle of the correction value of the error 
deciding part 18 is switched to select a function meeting the system 
of the TDMA system as well as the CDMA system. The output 
update cycle of the error calculating part 18 is switched to select a 
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function meeting the output of an error and the system of the TDMA 
system as well as the CDMA system. A threshold value for 
deciding a level for deciding a large value or a small value of the 
transmitted electric power of the corrected setting value deciding part 
32 is switched to change the control range of the transmitted electric 
power after correction. The output update cycle of the decided 
result of the corrected setting value deciding part 32 is switched to 
select a function meeting the system of the TDMA system as well as 
the CDMA system. 

Although the present invention is specifically described with 
reference to the specific embodiments, it is apparent for a person 
with ordinary skill in the art that various changes or modification may 
be made without departing the spirit and scope of the present 
invention. 

This application is based on Japanese Patent Application No. 
2002-377204 filed in December 26, 2002 and the contents thereof 
are taken in as a reference. 

industrial Applicability> 

As described above, according to the invention defined in claim 
1, the buffer unit is provided. Thus, when the closed loop control 
that crosses the threshold value as the detection limit of the 
transmitted electric power is carried out, even if the transmitted 
electric power changes to cross the threshold value, an abrupt gain 
change can be suppressed and the transmitted electric power can be 
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smoothly and highly accurately controlled. 

According to the invention defined in claim 2, the transmitted 
electric power deciding part and the error integrating part are 
provided. Thus, when the closed loop control that crosses the 
threshold value as the detection limit of the transmitted electric 
power is carried out, even if the transmitted electric power greatly 
changes, an abrupt gain change can be suppressed and the 
transmitted electric power can be smoothly and highly accurately 
controlled. 

According to the invention defined in claim 3, the switch part, 
the error deciding part, the integrating part and the transmitted 
electric power deciding part are provided. Thus, when the closed 
loop control that crosses the threshold value as the detection limit of 
the transmitted electric power is carried out, even if the transmitted 
electric power greatly changes, an abrupt gain change can be 
suppressed and the transmitted electric power can be smoothly and 
highly accurately controlled. 

According to the invention defined in claim 4, the switch part, 
the error deciding part, the integrating part and the transmitted 
electric power deciding part are provided. The gain control 
correction value outputted from the integrating part and the set 
electric power are respectively converted to the gain control 
correction signal and the gain control signal by the separate electric 
power value/gain control signal converting parts. Thus, when the 
closed loop control that crosses the threshold value as the detection 
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limit of the transmitted electric power is carried out, even if the 
transmitted electric power greatly changes, an abrupt gain change 
can be suppressed and the transmitted electric power can be 
smoothly and highly accurately controlled. Further, the 
above-described effects can be obtained without enlarging the circuit 
structure. 

According to the invention defined in claim 5, the switch part, 
the error deciding part, the integrating part and the transmitted 
electric power deciding part are provided. The gain control signal 
for controlling the variable gain amplifier is obtained by a plurality of 
electric power value/gain control signal converting parts 
corresponding to the level of the set electric power. Thus, when 
the closed loop control that crosses the threshold value as the 
detection limit of the transmitted electric power is carried out, even if 
the transmitted electric power greatly changes, an abrupt gain 
change can be suppressed and the transmitted electric power can be 
smoothly and highly accurately controlled. Further, the 
above-described effects can be obtained without enlarging the circuit 
structure. 

According to the invention defined in claim 6, when the 
transmitted electric power is not controlled in a closed loop, the 
transmitted electric power detecting part or the error calculating part 
is tuned off so that consumed electric power can be reduced. 

According to the invention defined in claim 7, the output timing 
of the decided result of the transmitted electric power deciding part is 
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changed to operate the error integrating part after the operations of 
other blocks are stabilized. 

According to the invention defined in claim 8, the output update 
cycle of the decided result of the transmitted electric power deciding 
part is switched to select a function meeting the system of the TDMA 
system as well as the CDMA system. 

According to the invention defined in claim 9, a threshold value 
is switched in the transmitted electric power deciding part, so that a 
range for controlling the transmitted electric power can be changed. 

According to the invention defined in claim 10, the electric 
power value/gain control converting parts are provided with ramping 
output functions to meet the systems such as the TDMA system. 

According to the invention defined in claim 11, the validity and 
invalidity of the ramping output functions of the electric power 
value/gain control converting parts can be selected to select a 
function meeting the system of the TDMA system as well as the 
CDMA system. 

According to the invention defined in claim 12, the output value 
of the correction value of the error deciding part is changed to switch 
an amount of correction per slot. 

According to the invention defined in claim 13, the tolerance of 
the error deciding part is switched to change a control range of the 
transmitted electric power. 

According to the invention defined in claim 14, the output 
update cycle of the correction value of the error deciding part is 
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switched to select a function meeting the system of the TDMA system 
as well as the CDMA system. 

According to the invention defined in claim 15, the output 
update cycle of the error calculating part is switched to select a 
function meeting the output of an error and the system of the TDMA 
system as well as the CDMA system. 

According to the invention defined in claim 16, a threshold 
value for deciding a level for judging a large value or a small value of 
the transmitted electric power of the corrected setting value deciding 
part is switched to change the control range of the transmitted 
electric power after correction. 

According to the invention defined in claim 17, the output 
update cycle of the decided result of the corrected setting value 
deciding part is switched to select a function meeting the system of 
the TDMA system as well as the CDMA system. 



36 



